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SUMMARY 

A method is presented f o r  computing the isentropic and actual 
enthalpy change between the inlet and the out le t  of a aentrifbgal- 
flow compressor when water injection is used. The ohange in state 
of the water in  the working f l u i d  comglioates the w e  of specif ic  
hests in aooounting f o r  property changes fn the f luid.  Coneequently, 
the method of calculation ie based on f luid property values given in 
steam and air tables. Funciticmal chart8 are inoluded t o  show the 
effect  of water-sir ratio 011 isentropic  outlet  temperature,  isentropic 
enthalpy rise, and adiabatic  efficienoy  with  various  pressure  ratios 
f o r  a fixed set of inlet conditims. 

For a given laentropic  enthalpy change or adiabatic  efficienoy, 
the   ra te  of increase in the ccglpressor pressure  ratio  decreased 88 

the water-air r a t i o  was inoreas&.  For  compressor-inlet  conditions 
of pressure, 14 inohes of mercury absolute; temperature, 77' F; and 
specffic  humidity, 0, water-sir ratios  greater  than 0.05 were r e l -  
atPvely  ineffective  for  pressure  ratfoe of less than 8.  On the basis 
of the  large  differenoe in flaw conditions betweea wet and dry com- 
pression, the design 09 a campressor that would have good efficiency 
f o r  both wet and dry compression might be d i f f i cu l t .  

Water-methanol injection at the c~mpreeeor inlet ie a stmdard 
thrust-au@nentation method f o r  turbojet  engines. The large increase 
in thrust  obtainable w i t h  th is  method has resul ted in  investigaticgle 
of the performance effeota of water  injection on the engine 
component8 t o  determine possible sources of losses. Difficulty in  
evaluating  the properties of the vapor-air m i x t u r e  complicates the 
analysis of the  turdojet  cycle and especially  the computation of 
compressor efflciency. 

A method of computing the'  efficienoy of a centrifugal ccanpressor 
with water  injeotion at  t-he inlet was derived at the WCA Lewis 
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laboratory and l e  presented herein. Inasmuch as the isentropio- 
adiabatic cconpreesian prooese le ueed in  computing efficiency vlth 
dm oUapr9eSiOn, the 198mB plWW88 i 8  U s e d  in thki method. COllditim6 
of the water-air mirture at the inlet are a rb i t r a r i l y  set in order 
tp simplify the method. Although th i s  method c&t,n be applied  to 
m i x t u r e s  that include injecticm liquid8  for which ertensive thenno- 
dynamic d a t a  are  available, water alone is used in the  numerical 
example in order t o  eimglify  cornputstion. Bemuse the water con- 
t a m  in the alr oherngee t o  vapor during the ccpnpressian proces8, 
the latent heat of ragorizatian muat be acourately evaluated. 
Another coenplicaticm I s  the variation in the speoific heat of the 
vapor, which preclude6 the w e  of c o n s h t  specific heats in cal- 
oulating efficiency. The uee of variable egeoffic heatls would be 
cumbersane and impraotioal. For cmputlng changes in entha lpy  
trial-sad-error methode based on the steam and sir table8 of refer- 
enwe 1 and 2 w e r e  used t o  elbinate the u8e of vcrrlabl~-speclfic- 
heat formulae. 

The method outlined herein wae us& t o  ccmpute theoretical 
valuea needed for evaluating perf'onuanw. B'unotiarral oharts are 
given for isentropio outlet  temperature, ieentropic  enthalpy ohange, 
and adiabatio efficiency for a range of pre8sw-e r a t io s  and fired 
inlet conditions. Wster-air r a t i o  I s  plotted as a parameter in a l l  
the M s .  

The following spbol8 are ueed in the oaloulatims and the 
figures : 

c specif i o  heat a t  coastant pressure, (Bttl/( lb )  (%) ) 

h enthalpy, (Btu/lb) 

Ii ratio of aotusl  preseure t o  bass preeeure 

P t o t a l  preeeure, (lb/aq in. ) or (in. Hg absolute) 

q speoific humidity, ( lb  rster/lb air) 

R universal gae constant for a b ,  53.35 (ft-lb/(lb)(%)) 

s entropy,  (Btn/( l b )  (9) 

T temperature, (459.7 + t) (OR) 

t temperature, (9) 

B 

e 
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v specific volume, (cu  ft/lb) 

W air weight, (lb) 

w/a water-a-  ratio  due  to  water  injection 

q,, adiabatic  effioiency 

The following subecripte refer to states of working f luid through 
the  compreeeor: 

0 

1 

2 

a 

d 

f 

8 

In 

8 

t 

NACA Stand& ~es-le~el OUditime 

ompressor inlet  before  injection of water 

compressor  outlet 

constituent of m i x t u r e  baeed on 1 pound of dry air 

dry air 

saturated  liquid 

saturated  vapor 

mixture 

superheated vapor 

stagnation 

In Order to enable ocmpari~~ane of compressor performanee with 
wet- and dry-capnpreseian, in the following analykis adiabatic eff i -  
ciency i e  based on the  ieentropio-adiabatic ccmpression process used 
for  dry canpreeesicm. The adiabatic  efficiency of a ocmpreaeor ie 
defined is the  ratio of the ieentropic (revereible adiabatio) oam- 
pression work to the  actual  compression work. Although  the  actual 
work can be determined by either  therarodyPamic or mechanioal  methods, 
the  isentropic work must be aauputed by u8e of thermodynamioe. 
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ZP canditione a t  the  outlet  are such that the entropy a t  the 

out le t  equals that at  the inlet, the second Law of thennodyaamios 
preoludes the possibi l i ty  of any change in entropy during the proo- 
ess; therefore only the endl point8 of the  process are considered. 
Evaluation of the entropy of the mixture at  the Inlet is dlff5cul t  
because 821 increase in entropy due to  adiabatic  saturation of the. 
a i r  a t  the inlet cannot be awided. Only if the air is saturated 
before the water is injected and is at the ~ a m e  teanpersture as the 
injeoted water can the prooees ccrnceivably be ideally  revereible. 
For a fixed 8et of inlet conditions and given cmpreesion  ratio, 
the pressure a t  the outlet  l e  fired. The temperature at the out le t  
w i l l  therefore determine not only the state of the injected liquid 
but  also the entropy a t  the  outlet .  A temperature that w i l l  give 
an entropy at the  out le t   equal   to  that at  the inlet must therefore 
be found by t r ia l  ana error.  When t h i s  temperature is found, the 
enthalpy of the outlet mixture can be determined. 

Frm the Gibbs-Dalton law it may be deduoed that the  entropy 
and the  enthalpy of a mixture of gasee apd vapors cau be regarded 
as the sum of the individual  'entropies and enthalpies of the con- 
s t i tuents  when each  occupies the same space a8 the nrixture ut the 
temperature of the mixture. This &aw is not extended to   l iqu id  
partloleer suspended in a gas. Bor the method presented  herein, how- 
ever, the liquid-water  particles are assumed t o  be hasnogeneously 
distributed  throughout the mirture but   to  exert no prsssure. The 
entropy and the enthalpy f o r  the particles are calculated in the 
ame manner ae for gams. 

In oomputing the entropy of the m i x t u r e  at  the inlet, no attempt 
. is made t o  estimate the amount of water evaporated into the air on 

injectlm. Instead, the entropy of the  mixture I s  baed on -dl- 
tione efistlng before any degree of vaporieatlon of Injected hter 
oocura. The sssumptlan  of no vaporlzation a t  the ccmpresaor inlet 
simplifiee the oalculation prooedure. Data based an no saturatios 
and oomplete saturation of the inlet air indicate only a amall d i f -  
fermce 3n enthalpy ohange; however, the oondition of no saturation 
resu l t s  in a more conservative  value of efficiency. The temperature 
of the water par t ic les  is assumed eqpal . to  that of the water before 
injeotion in order t o  apprcxximate more oloselythe  value of the 
5nl& entropy of the mirture. All values of entropy are taken ircen 
the s t e m  and air tables of references 1 cmd 2, reapeatively. The 
entropy of each  oan8tituent in the  mixture i e  based on 1 pound of 
dry a b ,  with  the result that the sum of a l l  the entropies gives 
the entropy of the mixture p e r  pound of dry air. The enthalpy of 
t he  m i r t u r e  at the inlet is determined by the 8ame prooedure. 

. 
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In order  to  cmpute  the  outlet  temperature  for whioh the  entropy 
at the  outlet  equals that at the in le t ,  an outlet  temperature is 
first assumed. With the assumed temperature and the water-alr r a t i o  
a t  the  outlet ,  the entropy I s  caaputed in the Bame manner ae f o r  the 
inlet. When the  isentropic  outlet  temgerature is found, e i ther  of 
two sets of conditims may p r e v a i l  a t   t he   ou t l e t  depending on the 
quantity of water  inJected: The air may be saturated at  the  out le t  
with or  without  water  droplets  being  present,  or the vapor may be in 
the  superheated  condition, in which case no droplets will be present. 
I n  the  case of eaturatlcm with or without water dropleta,  the  entropy 
can  be easi ly  found  because these  propertie8 are the same ae those 
for  saturatian  temperature. With the  superheated vapor, the  exact 
temperature a t  which saturation occur8 must be determined. The pres- 
sure  corresponding t o  the temperature of saturation I s  the same that 
the vapor exerts at  any higher  temperature,  the  preeeure of the a x -  
tu re  remaining  constant. When t h i s  preesure is  determined,  the 
entropy of the vapor can be obtalned frcm the  superheated-vapor tables 
of reference 1. The enthalpy of the  mizture at the   ou t le t  fo r  e i ther  
the  isentropic  or the actual cam I s  determined by the 881118 prooedure. 

If the mixture at  the out le t  c h a i n s  droplets in a miztnre of. 
superheated vapor 8nd air, the actual outlet   tangoratwe cannot be 
used. The campressor work, or actual  enthalpy rise, muse 'then be 
determined  by  mechanical means. An estimate of the  quantity of - 

droplets  present  can be.made  by the method i l lus t ra ted  in the  Nnmer- 
i c a l  Example if the dry;.bulb tmperature  at the  out le t  ia known. 
The humidity due to   t he  superheated vapor a t  the  out le t  oan be 
approllmated by trial and er ror  by find- a vapor-air   ratio at  the 
out le t  that gives an enthalpy change equal t o  the power input. The 
procedure ie the same as that for caloulatlng  the actual out le t  
temperature  except that the  vapor-air r a t i o  m e t  be varied for 
succeeding  oomputations. Any water not in the euperheat 8t8te 
is considered t o  be in droplet form. 

A numerical exemple i e  prebented to show the method of CQIL- 
puting  isentropic  enthalpy rise, actual enthalpy rise, and adiabatio 
efficiency of a cc~npreesor for a given eet of cmclltim. In each 
case where a temperature is aseumed f o r  trial-and-error solution, 
only the caloulatitwe resulting in the  correot  temperature are 
shown.  The follawing  conditions fKrm aotual  experimental data 
prevail : 

I 
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Water  Injeated,  lb/aec . . . . . . . . . . . . . . . . . .  
Air weight flaw, lb/seo . . . . . . . . . . . . . . . . .  
Water  temperature . . . . . . . . . . . . . . . . . .  
Air temperature, . . . . . . . . . . . . . . . . . . .  
Inlet  pressure,  lb/eq in. . . . . . . . . . . . . . . . .  in. Hg abe. . . . . . . . . . . . . . . .  

In. Hg abs. . . . . . . . . . . . . . . .  
Outlet  temperature, OF . . . . . . . . . . . . . . . . . .  
Speclfic humiditp, lb water/l$  air . . . . . . . . . . .  
Outlet  pressure,  lb/sq in. . . . . . . . . . . . . . . . .  

Water-vapor pressure (humiaity ), Ib/aq  in. . . . . . . .  

. 2.175 . 43.97 . . 55 . 77.4 . 6.870 . 14.00 
19.998 . 40.73 . . 264 
0.01025 
0.1110 

%!he specifia humidity and the  pressure of water  vapor  at the 
Inlet are calculated f’rom an aaeumed wet-bulb  temperature  by meam 
of the empirloal  equations of reference 3. 

I. Entropy of Mixture at Inlet 

(1) Water-air  ratio due to  injec%im. - 
Pound8 water  contained In Inlet air 

(0.01025)  (43.97) = 0.4507  (lb  water/sec) 

Pounds dry air eupplied 

43.97 - 0.4507 = 43.52  (lb/aec) 

Water-air  ratio due to injection 

w/a = 2.175/43.52 

= 0.04997 

(2) Entropy due to injected liquid. - 
mtropy of saturated liquid at  inlet 

B ~ , I  at 55O F = 0.0459 (Bt~/(lb)(?F)) 

Entropy of saturated liquid per pound of dry air at  inlet 

B f , & , l  = 8f,1 

= (0.0459) (0.04997) 

= 0.002294 (Btu/(  lb) (%) ) 

. 
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(3) Entropy due  to  superheated vapor in i n d m  air. - Although . 
the  Mollier  diagram for steam does nut include values of entropy for 
a pressure of 0.1110 pound  per square inoh,  the  low-pressure  region 
near saturation  indicates an entropy  increase of 0.018 Btu per pound 
per 9 for  each  temperature rise of 20' F along an isobario line. 
By using the entropy at  saturation for a preesure of 0.1110 pound 
'per square inch and oorrecting for temperature  differenoe f r a n  
saturation  temperature to 77 .QO F, an entropy value eg,f of 
2.204 Btu per pourad  per % was obtained. 

Entropy of superheated  vapor  per pound of dry air at inlet 

= (2.204)(0.01025) 

= 0.02259 (BtU/(lb) (9)) 

(4) atropy due to dry air. - 
Pressure of dry air 

where 

R = 53.35 (ft-lb/(lb)(%)) 

The temperature  function at the  inlet Cpt ie 0.07067, frca 
table 1 of reference 2. 

9 1  
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Entropy of dry air  at inlet 

Bd,l = %,l - R 1 - N  

= 0.07067 + 0.05326 
= 0.1239 (Btu/( lb )  (%) ) 

( 5 )  Entropy of m i r t u r e  at inlet. - BeO8UBe r a t io s  of the quan- 
t i t i es  remain unchanged, the use of tablee having different  tan- 
perature besee (referenoes 1 and 2) i e  =lid. The entropy of mix- 
ture per pound of dry air equale the entropy of eatmeted  l iquid 
per pound of dry  air plua the entropy of eugerheated vapor per pound 
of dry air plus  the  entropy of dry sir. 

'rn,a,l 'f,a,l + 's,a,1 + %,I 

= 0.002294 + 0.02259 + 0.1239 

= 0.1488 (Btu/ ( lb) ('I?) ) 

11. Isentropic  Outlet Temperature 

(1) Outlet temperature. - ~n outlet temperature tt,2 of 
108.1' F ie saann& for computing an entropy at the out le t  equal t o  
that at  the inlet by trial-&-error eolution. 

(2) Specific  humidity at outlet .  - 
Pg,2 at \ , z  of 108.1 OF 

= 1.206 (lb/eq in.)(frm table  1, reference 1) 

P2 = 19.998 (lb/eq in.) (original  conditions) 

.# 

= 279.5 (ou f%/lb) (frani table 1, reference 1) 



. 

Tt,2 = 567.8 % (given) 

R = 53.35 (ft-lb/(lb)(oP)) 

U (144)(18.79)(279.5) (53.35)(567.8) 

= 24.97 (lb) 

where 

W weight of air  that  would  ocoupy a m  volume a0 vg,2 

Specifio  humidity  at  outlet 

. f  

, 

1 c12 = w' 

1 
24.91 

P- 

0.04005 (lb water/lb air) 

(3) Quantity of l iquid  water  preaent at out le t .  - The total 
water-air  ratio equals the  water-air  ratio due  to water  injeated 
plus the  water-air r a t i o  due to humidity at inlet. 

total  water-air  ratio = w'/s + q1 

= 0.06022 

pow' liquid, water at  outlet = total  water-a- ratio - pound  dry air 

9 

= 0.02017 
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(4) Entropy due t o  l iquid water. - 
Entropy of eaturated  liquid at outlet  

s f,2 at t t , 2  of 108.1 O F  

= 0.1438 (Btu/(lb)(%))  (table 1, reference 1) 

Entropy of saturated  llquld per pound of dry air st out le t  

= (0.1438)  (0.02017) 

= 0.0029OO (Btu/( l b )  (OF) ) .. 

( 5 )  Entropy due t o  saturated vapor. - 
Entropy o f  saturated vapor a t  outl'et 

8 g,2 at t t , 2  of 108.1 OF 

- 1.962 (Btu/(lb)(OF)) (table 1, reference 1) 

Entropy of Baturated  vapor  per pound of dry air a t  out le t  

= (1.962) (0.O4OO5) 

= 0.07859 (Btu/(lb)(OF)) 

B = - E 1.278 'd 2 18 79 
PO 14.70 

R 1% H = 0.01681 

Temperature funotlon at outlet  
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mtropy of dry alr at  out le t  

=' 0.08403 - 0.01681 
= 0.06722 (Btu/(lb) (%)), 

( 6 )  Fntropy of m i x t u r e  at outlet .  - The entropy of m k t u r e  per 
pound of dry air at the  out le t  equals the  entropy of saturated liquid 
per gound of 6ir plus the  entropy of aaturated vapor ger pound 
of dry air plus the entropy of Ul.y air. 

4n,a,2 = %,a,2 + eg,a,2 + %,2 
1 

= 0.002900 + 0.07859 + 0.06722 . 

= 0.1487 (Btu/(lb) (OF)) 

When ~m,~,l and +,a,2 are equal, the aesumed temperature 
i e  that for isentrogio ocunpreseion. 1l they are unequal, 8 new 
temperature tt , must be eeleoted until equality i e  attained. The 
entropy value ae 00~~pute8  is euffioiently oloee t0 that at the inlet 
t o  aseume an isentropio prooeee. 

Enthalpy of saturated liquid per pound of dry air at inlet 

+,I 

= (23.07) (0004997) 

= 1.153 (Btu/lb) 

2bthalpy of saturated vapor at i n l e t  

? 
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PresEWe on enthalpy ie negligible in thie  region of 
pressure. 

Ehthalpy  of  eaturated  vapor  per pound of dry air at inlet 

hg,a,l = hg,l q1 

= (1096) (0.01025) 

= 11.23 (Btu/lb) 

Enthslpy of dry air at  inlet 

%,l at Tt,1 of 557.1° R - 32.87 (Btu/lb) 

The enthalpy of mfrture per pound of dry air at the inlet 
equale the  enthalpy of eaturated  liquid per pound of dry air plue 
the  enthalpy of saturated  vapor  per pound of dry air plue the 
enthalpy of dry air 

1.155 + 11.23 + 32.87 

= 45.25 (Btu/lb) 

(2) a w p y  at outlet. - 
Enthalpy oi saturated  liquid at out le t  

%,2 a t  %,2 of 10e.lo F = 76.05 (Btu/lb) 

Enthalpy of eaturated liquid per pound of dry air at outlet 

= (76.05)(0.02017) 

= 1.534 (Btu/lb) 

Enthalpy of saturated vapor at out le t  

hg,2 at %,2 of 108.1° F = ,1108.6 (Btu/lb) 

' .  
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Enthalpy of aaturated -par per gound of dry air a t  out le t  

= 44.40 (Btu/lb) 

Enthalpy of dry air at out le t  

%2 at Tt,2 = 80.25 (Btu/lb) 

The enthalpy of mixture per pound of dry air a t  the   ou t le t  
equale the enthalpy of eaturated liquid per pound of dry air plue 
the  enthalpy of' eaturated vapor per pound of dry air plue the  
enthalpy of dry air. 

(3) Enthalpy ohango from inlet to   ou t l e t .  - 

= 86.18 45.25 

P 40.93 (BtU/lb) 

If the vapor at  the out le t  t e  in the euperheat regia,  the 
entropy and the 6nthalpy are oaaputed far the aeeum6d tanperatare 
in the eane mmner 8s the  enthalpy or the actual  work in eeotinn IV. 

IV. Actual Work Determined from Total Temperature a t  Outlet 

Temperature a t  outlet = 26i0 F 

I 
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and using the corresponding values of specif ic  volume vg found 
In t ab le  1 of reference 1, a value of specific humidity  equal 
to the total  water-air r a t i o  at the out le t  is obtained. 

From section 11, item (3) the t o t a l  water-air r a t i o  l e  0.06022 
Aemme the temperature t of saturation t o  be 121.3O F. The pree- 
sure P corresponding to 121.3' F ie 1.755 pounds per square inch 
in the  steam table6  ( table 1, reference 1). 

e, 2 

(1) Pressure of superheated vapor. - 
Pd,2 E p2 - pg,2 

0 19.998 - 1.755 
= 18.24 (lb/sq in.) 

The volume occupied  by 1 pound of vapor at saturation vg for 
121.3° B is 196.5 cubic feet per pound from t ab le  1, reference 1. 

The weight of air that would occupy the mnm volume as T~ at 
pa, 2 is 

2 

= (144)(18.24)(196.5) 
(53.35) (581.0) 

= 16.65 (lb) 

Water-air ratio 

1 
V"16.65 = 0.0601 

Inamoh 88 the actual  h,z is 0.06022  pound water per pound 
air ,  the aesumbd temperature is aoceptable; the pressure exerted by 
the' vapor in the euperheat region P8, ie therefore 1.755 pounder 
per square inch. 

(2)  mthalpy of mixture. - 
Enthalpy of vapor . h, at 264' F P 1179 (Btu/lb)  (reference 1, fig. 10) 
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Enthalpy of vapor  per pound of d r y  air at  outlet 

h,,a,z = (0*0601)(1179) 70.86 (BtU/lb) 

mthalpy of dry air 

h,,,2 = hs,a,2 + ha,;! 
= 70.86 + 77.85 
= 148.7 (Btu/lb) 

h,a,l = 45.25  (Btu/lb) from  eection ELI 

(3) mthalpy chanm equivalent to actual  work. - 

= 103.5 (Btu/lb) 

V. Adiabatic  EFpiciency 

isentropic % 
* actual %,a' 

P - = 0.395 40 . 93 
103.5 

APPLICATION OF " H O B  

Isentropic  outlet  temperature, isentropic enthalpy change, and 
adiabatic  efficiency computed for various pressure ratios  axe show 
in figures 1, 2, and 3, respectively.  Water-air  ratios from 0 to 
0.06 are also  given.  Inlet caditime of preesure, 14 inches of 
mercury absolute; temperature,77° F; and specific  humidity, 0 are 
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used in each w e e .  For any change in inlet  conditiane,  additional 
curves must be cnn8tructed. The s l i p  factor  in figure 3 l e  defined 
as the r a t i o  of the rotatima1  velocity of the f l u i d  par t ic le  a t  
the  outlet  to  tangential  velocity of the  impeller  tip. 

In figure 1, the curve8 for   a l l   water-air   ra t ioe  c losely fol- 
low the eame path unt i l   the  vapor in the mi r tu re  passee into  the 
euperheat  etate, a t  which point  the  curve break sharply upward. 
A8 the water-air ratio  increases,  the breakaway occur8 at inareae- 
ingly higher  pressure  ratioe. This effect  i e  reflected in fig- 
ure 2, whloh ShaW8 that, fbr any given isentropic enthelpy change, 
the change in preseure r a t i o  inoreases at a decreasing  rate as 
water-air r a t i o  l e  increased. For a given  adiabatic  efficiency in 
figure 3, the rate of increaee in greesure r a t i o  decreases as water- 
sir r a t i o  l e  lncreaeed. A water-air ratio greater than 0.05 is 
relatively  ineffective for pressure ra t loe of lese than 8 for  theee 
compressor-inlet  condftione. In view of the large difference in 
flaw condltiana between dry and wet coanpreseian, the d08iEpl of a 
canpressor that will have good efficienciee far both wet and dry 
ccmpreeeion may be di f f icu l t .  

For the inlet  oonditlons need herein, figure8 1 and 2 can be 
u e d  ae a eource of data in computing efficiancies of actual oom- 
preseore and In makfng analyees of the turbojet  cycle. For the 
campreesor used in a cycle malyeie with a given pressure r a t i o  
and an aeswned efficiency,  the  ieentropio  enthalpy change can be 
taken from figure 2 and the actual enthalpy change computed. The 
actual   out le t  temperature that will give the aotual  enthalpy change 
0821 be found by trial-and-error methods based on uee of eteam and 
air tables. 

SUMMARY OF RESUIXS 

Fraan the method developed for determining  centrWug8l-flm- 
oampreeeor perfamame with water inJection, it hae been ehown that 
fo r  any given ieentroplo enthalpy oh- or adlabatlo efficiency, 
the rate of increase in conrpreeeor preeeure r a t i o  deoreaeed  a8 the 
water-air r a t i o  wae increased. For oompreseor-inlet  conditioae  of 
pressure, 14 inches of mercury abeolute; temperature, 77' F; and 
speoifio humidity, 0, water-afr ratioe  greater than 0.05 were r e l -  
atively  lnef'feotive for presetare r a t io s  of lese  than 8 .  
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CONCWSION 

On the basis of the large difference in flaw cmditions between 
wet and dry compression, the design of 8 cab~tp~e~sor with good effi- 
ciency for both w e t  and dry compression may be difficult. 

Lewis Plight Propulsfon  Laboratory, 

Clevelad, Ohio. 
National Advfsory Comnittee for Aeronau-tice, 

I, Keenan, Joseph H. ,  and Keyee, Frederick 0.: Themnodynamic 
Properties of Steam. John Wiley & Sons, Inc., 1936. 

2. Keenan, Joseph H., and Kaye, Joseph: Thermodynamic Proper- 
t ies  of A i r .  John Wiley & Sone, Inc., 1945. 

3. Anon.: The Refrigerating Data Book. Am. SOC. Refrigerating w. 
(New Pork), 5th ed., 1942, p. 428. 

P 



NACA RM E9G 12 

U 
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c) 
- 
0' 

Pressure rat Io. P2/P, 
". 

( a )  Pressure  ratlo, 1.5 t o  5.0. . 

Fioure I. - Varlation of  outlet temperature with pressure rat io  for  Isentropic corpresslon. 
Compressor-Inlet conditions: pressure, 14 inches mercury absolute; temperature, 77O F; 
speclfie humidity. 0 .  
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Pressure  retio,  P2/PI 

(b) Pressure  ratio,  5.0 t o  8.0. 

Figure I .  - Concluded. Var ia t ion of  outlet  temperature  with  pressure  ratio 
for isentropic compression.  Compressor-infet  conditions:  pressure, 14 
inches mercury absolute:  temperature, 7 7 O  F; spscf f ic  humidity. 0 .  
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Pressure ratlo,  P2/P, 

( a )  Pressure  ratlo,  1.5 t o  5.0. 

Figure  2. - Var ia t lan  o f  enthaloy change w l t h  pressure  ratlo  for Isentropic corpresslon. 
Compressor-Inlet conditions: pressure, 14 Inches mercury absolute:  temperature, 77O F: 
swclflc humldfty, 0 .  
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4 c 
c 
c a 

pressure  ratio,  P2/P, 

(b)  Pressure  ratio,  5.0 t o  8.5. 

Figure 2. - b l u d e d .  Var ia t lon sf enthalpy change wi th  pressure r a t i o   f a r   l s s n t r o p f c  
cmpresslm. kpressor- in le t   condl t lons:   prsssure .  14 inches mercury absolute; 
temperature. 77O F; speciflc humidity. 0 .  

21 



22 NACA RM E9G 12 

Pressure rat i o ,  P,/P, 

F i g u r e  3. - V a r i a t i o n  o f  a d i a b a t i c   e f f i c i e n c y  w i t h  pressure  
r a t i o  f o r  i m p e l l e r   t i p  speed o f  1560. f e e t   p e r  second  and 
S I  i p   f a c t o r  o f  0.94. Compressor - in le t   condi t ions:   p ressure ,  
14 inches  mercury   absolute;  temperature ,  77O F; s p e c i f i c  
humidity. 0. 
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